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In 1925, O. F. Akin first described an osteotomy of the proximal phalanx of the hallux (1). The osteotomy was wedge shaped, with the base oriented medially and the apex at the lateral cortex (1) . The osteotomy was first fixated using a tongue depressor as a splint. Originally, the procedure included removal of the medial eminence of the first metatarsal head and the adjacent hypertrophic bone from the base of the proximal phalanx. The goal of this procedure was to place the hallux in a rectus anatomic position and prevent contact between the first and second digits. Currently, the Akin osteotomy can be used to correct the enlarged hallux abductus angle (HAA) not addressed by the first metatarsal procedure, hallux abductus interphalangeal (HAI) angle, an abnormal distal articular set angle (DASA), or to shorten a long proximal phalanx. Most often, the Akin osteotomy is performed in conjunction with first metatarsal osteotomy for the correction of a hallux valgus deformity. A normal HAA ranges from <15 to 20 , a normal HAI angle ranges from 0 to 10 , and a normal DASA ranges from 0 to 7.5 (2) (3) (4) (5) (6) . When used to realign the HAI angle, the osteotomy is placed distally on the diaphysis of the proximal phalanx, and, when used to correct the DASA, the Akin is placed proximally in the metaphyseal bone, with the base oriented medially in both techniques. With these 2 techniques, the goal is to retain the integrity of the lateral cortical hinge, which functions as an additional point of fixation. To correct a long proximal phalanx, a cylindrical wedge of bone is removed from the central diaphysis.
According to Frey et al (7) , for correction of the DASA, the best placement of the osteotomy is in the proximal metaphyseal bone 5 to 7 mm distal to the articular surface of the base of the proximal phalanx. They also determined that removing 3 mm of bone resulted in 8 of correction, 5 mm resulted in 16 of correction, and 8 mm resulted in 24 of correction (7) .
Since Akin's original use of a tongue depressor for stabilization, numerous methods of internal fixation have been used. Fixation has progressed from monofilament wire to Kirschner wires, screws, staples, and plates. Each type of fixation has advantages and disadvantages. The method of fixation most often depends on surgeon preference; however, the goal is to establish a stable osteotomy that does not displace and heals within an appropriate period.
To the best of our knowledge, no research has been reported to date that has investigated the frequency of lateral cortical hinge fracture or complications associated with the procedure. We hypothesized that breaking the lateral cortical hinge intraoperatively would lead to prolonged healing and an increased risk of osteotomy displacement, which might result in the need for surgical revision.
Patients and Methods
After institutional review board approval, a retrospective medical record review was conducted of 132 consecutive patients who had undergone an Akin osteotomy performed by the same board-certified foot and ankle surgeon (L.M.F.) from July 2011 to January 2014. All patients were from the senior author's practice (L.M.F.). In the present study, an Akin osteotomy was indicated when patients presented with an abducted hallux or a hallux that overlapped or underlapped the second digit. Weightbearing radiographs of the patient's foot displayed an increase in the HAA, HAI angle, or DASA. The patient's bunion discomfort had to be significant enough for the patient to request surgical correction. Patients were excluded if they had sustained a previous fracture of the proximal phalanx of the hallux or had undergone previous hallux valgus surgery. The data collected from the individual medical records included the following: age, gender, tobacco use, foot operated on, osteotomy orientation, fixation type, lateral cortical hinge integrity, healing time in weeks, displacement of the osteotomy site, and the need for surgical revision.
Surgical Technique
All procedures were performed with the patient under intravenous sedation and placed in the supine position. An ankle tourniquet was used for all patients. The operative site was prepared and draped in the usual sterile manner. All patients included in the present study underwent distal first metatarsal chevron-style osteotomy before the Akin procedure. The proximal phalanx was exposed using the same incision used for the first metatarsal osteotomy. Next, the axis of the osteotomy site (proximal, central, or distal) and orientation (perpendicular or oblique to the long axis of the proximal phalanx) were determined according to the patient's presenting deformity. Without the use of an axis guide, the Akin osteotomy was performed under fluoroscopic guidance, with the intent of keeping the lateral cortex intact. The osteotomy site was feathered until it could be reduced. The osteotomy site was evaluated using fluoroscopy for lateral hinge integrity and then fixated using 1 of the following techniques: screw, staple, monofilament wire, Kirschner wire, plate, or a combination. After fixation was achieved, the osteotomy site was inspected once more using fluoroscopy to assess for the presence of hinge fracture. For each osteotomy, the senior author (L.M.F.) selected the fixation method that would provide the most stable construct. The fixation was tailored to the age of the patient, location of the osteotomy, bone quality, and the patient's ability to comply with the postoperative protocol. When the lateral cortex had been disrupted intraoperatively, adjunctive fixation was used if the osteotomy was considered unstable. The stability of the osteotomy site was analyzed by manual pressure under intraoperative fluoroscopic guidance. For the cases in which the osteotomy site was deemed unstable, adjunctive fixation using methods available to the primary surgeon at the time of operation was used (staple, Kirschner wire, screw, or cerclage wire). After the deformity was corrected, layered closure was completed. The patients were placed into a soft dressing and slipper cast postoperatively. In all patients, partial weightbearing to the heel with the aid of crutches or a walker was allowed after surgery. The patients returned to the primary surgeon's office at 2-week intervals postoperatively. Osteotomy site healing was assessed using anteroposterior, oblique, and lateral radiographs at these 2-week intervals by a board-certified radiologist and 2 of us (L.M.F., N.K.P.). Complete union of the osteotomy site was determined by complete bridging of cortical bone. The minimum patient follow-up period was 14 months postoperatively. The bone healing time was compared for patients with an intact versus compromised lateral cortex and patients with versus without a smoking history using an unpaired t test. Statistical significance was defined as p .05.
Results
A total of 132 patients (132 feet) with a mean age at surgery of 46.9 AE 15.8 (range 11 to 78) years were included in the present study. Of the 132 patients, 110 were female and 22 were male. The Akin procedure was performed on 66 left and 66 right feet. Nonsmokers comprised 75% (n ¼ 99) of the patient population. Of the 132 osteotomies, 15 (11.4%) were oriented obliquely to the long axis of the proximal phalanx and 117 (88.6%) were perpendicular to the long axis.
A total of 47 lateral cortices (35.6%) were disrupted intraoperatively. Fixation was augmented if deemed necessary because of instability of the osteotomy site noted using intraoperative fluoroscopy. The fixation methods used are listed in Table 1 . Of the 47 lateral cortices that were disrupted intraoperatively, 9 (19.1%) became displaced during the postoperative course. Three (6.38%) patients who had experienced lateral cortical hinge disruption intraoperatively required surgical revision, one of which had resulted from nonunion. An additional 6 (4.55%) patients experienced lateral cortex fracture and displacement by postoperative visit 1 (2 weeks postoperatively), 2 (33.3%) of whom required surgical revision. Thus, 5 (3.79%) patients required surgical revision, 3 (2.27%) who had sustained lateral cortex disruption intraoperatively and 2 (1.52%) who had sustained a lateral cortex fracture postoperatively. The mean healing period for the patients who retained lateral cortex integrity was 7.05 (range 4 to 14) weeks versus 8.06 (range 6 to 13) weeks for the patients with lateral cortex disruption ( Table 2 ). The difference in healing time was statistically significant using an unpaired t test (p ¼ .002). However, smoking was not associated with a substantial delay in healing time. Of the 33 (25%) patients who smoked, 10 (30.3%) had lateral cortices that fractured intraoperatively, 3 (9.09%) of these osteotomies became displaced postoperatively, and 1 (3.03%) required surgical revision. Osteotomy consolidation in this smoking group was noted at a mean of 7.06 (range 4 to 13) weeks versus 7.05 (range 4 to 14) weeks for the nonsmokers, a difference that was not statistically significant (p ¼ .23). In total, 1 (0.76%) patient developed a superficial infection, which resolved after a course of oral antibiotics. Six (4.55%) patients complained of prolonged edema, two (1.52%) of neuritis of the proper branch of the medial dorsal cutaneous nerve, and two (1.52%) of generalized pain, all of which resolved within the follow-up period. Two (1.52%) patients were unsatisfied with the cosmetic result.
Discussion
The Akin osteotomy is a popular procedure often used in conjunction with a first metatarsal osteotomy to correct a hallux valgus deformity. It has been used for >85 years with various fixation methods. The fixation method used depends largely on surgeon preference and the individual patient, and each type has been shown to have unique associated risks. However, a paucity of research has addressed the complications of the Akin or the effect that the lateral cortical hinge plays in the healing time of the osteotomy and its resistance to displacement. To the best of our knowledge, no studies have evaluated the frequency and significance of lateral cortex interruption in the Akin osteotomy.
Although the Akin osteotomy is considered a simple procedure with minimal risk, surgical complications can occur. The most common complications include fracture of the lateral cortical hinge, displacement, overcorrection, undercorrection, delayed union, nonunion, iatrogenic osteoarthritis, restriction of motion of the hallux, infection, a poor cosmetic appearance, and insult to the digital neurovascular bundle (7-13). Cohen (8) noted that during dissection, frequently the capsular periosteal tissue is removed, compromising secure plication of the capsule. This can lead to instability at the metatarsophalangeal joint. Whenever a wedge of bone is removed during an osteotomy, some degree of shortening occurs. Frey et al (7) reported the average shortening associated with the Akin procedure was 4 mm, and Cohen (8) reported 1 mm of shortening with his oblique proximal phalangeal osteotomy. Excessive shortening of the hallux associated with the procedure can lead to an unpleasant cosmetic result.
According to Frey et al (7), the most common intraoperative complication is plantar angulation of the osteotomy site >10 . This has been assumed to result from the pull of the extensor hallucis longus tendon or malposition of the distal fragment of the osteotomy during surgery. In contrast, Goldner and Gaines (9) noted that an upward displacement of the distal fragment often occurs when one is completing the osteotomy. Their conclusion was that this can be avoided with properly alignment and orientation of the osteotomy.
Surgeons have advocated maintaining the lateral cortical hinge as an additional point of fixation. Lateral hinge fracture is a common complication that can occur intraoperatively or postoperatively secondary to bone resorption or premature weightbearing (Figs. 1-3) . In their study of first metatarsal base osteotomies, Christensen et al (14) noted that osteotomies that maintain the cortical hinge provided superior stability compared with osteotomies using identical internal fixation without maintenance of the cortical hinge. To combat lateral hinge disruption, Boberg et al (15) suggested the chance of hinge failure was less with an obliquely oriented osteotomy than with a transverse osteotomy. In our study, 117 osteotomies (88.6%) were oriented perpendicular to the longitudinal axis and 15 (11.4%) obliquely. Most of our osteotomies were oriented perpendicular to the long axis to allow for greater correction and more stable fixation. In our study, the lateral cortical hinge was disrupted intraoperatively in 47 patients. This most commonly occurred during feathering for reduction of the osteotomy site in poor bone stock. We have found that in these patients, the cortex is often thin and brittle and breaks easily during reduction.
Multiple methods of fixation were used in the present study. Fixation failure can result in displacement of the osteotomy, migration of the implant, or extensor tendon irritation. In a polyurethane foam first (17) (18) (19) (20) . In our bicortical crossing Kirschner wire group, all 3 lateral cortical hinges were disrupted intraoperatively and, surprisingly, 2 of the osteotomies became displaced postoperatively. Staples are regularly used to fixate the Akin osteotomy and are relatively easy to use. However, currently, no guidelines are available regarding how to maintain maximum stability or the proper positioning of the device with relation to the osteotomy (16) . The staples can loosen, leading to decreased bone-staple apposition, instability, and loss of compression ( Figs. 1 and 2) (21,22) . Chacon et al (16) found the primary mode of failure in heat memory staples was the inability to maintain uniform compression across the osteotomy, which could lead to complete extrusion of the staple. The staple "backing out" can lead to soft tissue irritation. Martinez Garrido and Rodrigez-Vellando (23) reported severe irritation caused by the staples, resulting in implant removal in 2 of 32 patients. In our study, a single staple was used in 109 cases as the primary method of fixation. After intraoperative assessment of the stability, 21 of these osteotomies required adjunctive fixation. The fixation methods used are listed in Table 1 . No staples backed out or required removal within the follow-up period.
The use of a single screw to fixate the Akin osteotomy has been advocated by several surgeons (15, 24) . An obliquely oriented screw can achieve compression of the osteotomy site, thereby increasing stability of the construct. The use of a single screw, however, will fail to resist torsional or rotational forces at the osteotomy site. Maintaining a lateral cortical hinge acts as a second point of fixation and helps to combat these rotational forces. Some complications unique to screw fixation include soft tissue irritation at the head of the screw, backing out of the screw, stress risers, and inadequate compression at the osteotomy site in patients with poor bone quality. Cohen (8) reported 2 cases of stress risers while fixating the osteotomy with a single 2.7-mm screw. A single 3.0-mm cannulated headless compression screw, driven from proximally and medially to distally and laterally, is now the senior author's (L.M.F.) preferred method of fixation, because it provides compression and stabilization to the osteotomy site (Figs. 4  and 5) . No cases of stress risers were reported in our study, which can be attributed to adequate overdrilling and countersinking.
Our study found that the healing time did change significantly with disruption of the lateral cortex. Patients with an intact lateral cortical hinge healed within a mean time of 7.05 weeks compared with those who had sustained a lateral cortex interruption intra-or postoperatively, which healed within a mean time of 8.06 weeks. We attributed this significant difference in healing time to micromotion and incomplete stability at the lateral aspect of the osteotomy site. Had hinge failure not been recognized intraoperatively and adequately fixated, the healing time and complication rates would likely have been even greater.
Smoking history was also taken considered; 25% of our patients (n ¼ 33) were noted to have a positive smoking history. Smoking has been shown to reduce bone and soft tissue healing potential by decreasing the oxygen-carrying capacity of hemoglobin and inhibiting the metabolism of oxidative energy at the cellular level (25, 26) . However, we found no statistically significant difference in the healing time of the osteotomies between the patients who smoked and those who did not. Although we found this difference to be negligible, Krannitz et al (27) found that, on average, smokers had a 42% increase in the time required to achieve bone healing in their study of elective foot surgery. In our study, we believe that the effect of smoking on bone healing was negated by the stable fixation method used.
In our study, 1 patient experienced nonunion of the osteotomy site that required surgical revision. Various findings of restricted motion and arthritis of the interphalangeal joint have been reported; however, this appears to be a radiographic observation, with patients remaining asymptomatic (7, 10, 28) . Regardless of the fixation orientation and type, weightbearing introduces significant stress and bending forces to the osteotomy (16) . This might lead to motion at the osteotomy site, lateral hinge fracture, and, ultimately, osteotomy displacement during the postoperative period. In our study, 6 patients who left the operating room with an intact lateral cortex developed a fracture of the lateral hinge and sustained displacement of the osteotomy site during the postoperative partial weightbearing period. The stresses and bending forces of weightbearing and patient noncompliance are likely contributors to this complication. All our patients were instructed to bear weight only to the heel of their slipper cast with the aid of crutches or a walker. However, it is likely that some of our patients were noncompliant and walked using a heel to toe fashion.
In our study, 47 lateral hinges became disrupted during surgery. Additional fixation was used intraoperatively owing to gross instability of the osteotomy site in 19 of the 47 patients, and 2 of these became displaced postoperatively. In 4 cases, an additional staple oriented 90 to the primary staple was used, and none became displaced. In 6 cases, the addition of a single 0.062-in. Kirschner wire driven from the distal tip of the toe, across the interphalangeal joint, and across the medial aspect of the osteotomy site was used, resulting in no displacement. In 7 cases, bicortical crossing Kirschner wires were added to staple fixation, with 2 resulting in displacement (Fig. 6) . In 1 case, both cerclage wire and Kirschner wire was added to a staple, and in 1 case, a screw and Kirschner wire were added to staple fixation, with neither resulting in postoperative displacement. Another 13 patients with lateral hinge failure that did not require additional fixation intraoperatively after assessment using manual pressure and intraoperative fluoroscopic guidance still experienced displacement during the postoperative period.
A total of 5 patients required surgical revision in our study. Of these 5 revisions, 3 sustained a cortex interruption intraoperatively. Two patients left the operating room with an intact cortex that fractured in the postoperative partial weightbearing period and subsequently required surgical revision. Of these 5 surgical revisions, 1 was not due to displacement but to nonunion after lateral cortex interruption.
The present study had some limitations. All radiographs were read by 1 board-certified radiologist and evaluated by 2 of us (L.M.F., and N.K.P.). The wide variety of fixation constructs limited the statistical comparisons that could be performed. The retrospective nature of the present study also limited parameters that could be evaluated.
In conclusion, our study has shown that surgical complications can and do occur with the Akin osteotomy, which is generally thought of as a simple procedure. We found that disruption of the lateral cortical hinge has a statistically significant effect on healing time, even when adjunctive fixation was used. Surgeons must consider the importance of osteotomy stability and adequate fixation when hinge disruption has occurred. Additionally, we noted a greater rate of displacement and subsequent surgical revision after cortical interruption had occurred. Further prospective studies could evaluate the rate of displacement with varying types of fixation and better assess and determine the most reliable method.
